The nitrogen sorption isotherms were recorded on a Quantachrome Autosorb 1 at 77 K in a pressure range from p/p 0 = 0.001 to 0.999. For the evaluation of the surface area, the BET model was applied between 0.069 and 0.132 p/p 0 . The pore size distribution was calculated from the adsorption branch using a QSDFT model with a carbon kernel for cylindrical pores.
Transmission electron microscopy (TEM) was performed on an FEI Titan Themis instrument equipped with a field emission gun operated at 300 kV.
Infrared (IR) spectra were recorded on a Perkin Elmer Spectrum BX II FT-IR system equipped with a diamond attenuated total reflection unit.
UV-VIS-NIR spectra were recorded using a Perkin-Elmer Lambda 1050 spectrometer equipped with a 150 mm integrating sphere and photomultiplier tube (PMT) and InGaAs detectors. Diffuse reflectance spectra were collected with a Praying Mantis (Harrick) accessory and were referenced to barium sulfate powder as white standard. The specular reflection of the sample surface was removed from the signal using apertures that allow only light scattered at angles > 20° to pass.
Photoluminescence (PL) measurements were performed using a home-built setup consisting of a Horiba Jobin Yvon iHR 320 monochromator equipped with a photomultiplier tube and a liquid N 2 -cooled InGaAs detector. The samples were illuminated with a 378 nm diode laser (pulse power 0.99 nJ cm -2 , pulse rate 40 MHz).
Time-correlated single photon counting (TCSPC) measurements were performed using a PicoQuant FluoTime 300 spectrometer equipped with a 378 nm picosecond diode laser (pulse power 0.99 nJ cm -2 , pulse rate 40 MHz).
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B. Building block syntheses
All reactions were performed in oven-dried glassware under argon atmosphere using standard Schlenk techniques. Reagents and solvents were obtained in high purity grades from commercial suppliers and used as received. Figure S1 . Synthesis of the s4T, a4T and a4T Me building blocks.
3-butylthiophene (1)
A solution of BuMgCl (2.0 M in THF, 100 mmol, 1.25 eq.) was slowly added to a solution of 3-bromothiophene (13.0 g, 80 mmol, 1.0 eq.) and Ni(dppp)Cl 2 (867 mg, 1.6 mmol, 2 mol%) in 120 mL THF. During the addition, the reaction mixture was maintained at room temperature by a water bath. After stirring at 30 °C overnight, the reaction mixture was quenched by the addition of 50 mL of 2M A Grignard reagent, prepared by sonication of compound 2 (1.10 g, 5.0 mmol, 1.1 eq.), 1,2-dibromoethane (939 mg, 5.0 mmol, 1.1 eq.) and Mg (243 mg, 10 mmol, 2.2 eq.) in 14 mL of dry Et 2 O, was slowly added to a solution containing compound 2 (986 mg, 4.5 mmol, 1.0 eq.) and Ni(dppp)Cl 2 (81 mg, 0.15 mmol, 3 mol%) in 21 mL of dry Et 2 O. The reaction mixture was heated to reflux for 20 h. Upon completion, the reaction was quenched by the addition of EtOH and a few droplets of 2M HCl, and concentrated under reduced pressure. The crude product was purified via column chromatography (silica gel, heptane), yielding the title compound as a colorless oil (772 mg, 2.77 mmol, 62%).
5,5'-dibromo-3,3'-dibutyl-2,2'-bithiophene (4)
Compound 3 (772 mg, 2.77 mmol, 1.0 eq.) was dissolved in 6 mL CHCl 3 and cooled to 0 °C. N-bromosuccinimide (1.04 g, 5.82 mmol, 2.1 eq.) and glacial acetic acid (6 mL) were added and the solution was allowed to slowly warm up to room temperature. After stirring at room temperature for 2 d in the dark, the reaction mixture was poured onto H 2 O, extracted with DCM, washed with saturated NaHCO 3 solution, dried over MgSO 4 , and concentrated under reduced pressure. The crude product was purified by column chromatography (silica gel, cyclohexane), yielding a colorless oil (1.17 g, 2.68 mmol, 97%).
Following a procedure by Yang et al., [2] 
3,3''-dibutyl-2,2':5',2''-terthiophene (5) [1]
A Grignard reagent, prepared by sonication of compound 2 (4.38 g, 20 mmol, 2.9 eq.), 1,2-dibromoethane (3.76 g, 20 mmol, 2.9 eq.) and Mg (972 mg, 40 mmol, 5.7 eq.) in 56 mL of dry Et 2 O, was slowly added to a solution containing 2,5-dibromothiophene (1.69 g, 7.0 mmol, 1.0 eq.) and Ni(dppp)Cl 2 (325 mg, 0.6 mmol, 3 mol%) in 50 mL dry Et 2 O. The reaction mixture was heated to reflux for 40 h. Upon completion, the reaction was quenched by the addition of 1M HCl (50 mL), extracted with DCM, washed with H 2 O, dried over MgSO 4 , and concentrated under reduced pressure. The crude product was purified via column chromatography (silica gel, heptane), yielding the title compound as a slightly yellow oil (2.47 g, 6.84 mmol, 98%). Following a procedure by Yang et al., [2] compound 7 (2.20 g, 4.71 mmol, 1.0 eq.) was stirred with Pd(OAc) 2 (21 mg, 0.094 mmol, 2 mol%) and XPhos (54 mg, 0.113 mmol, 2.4 mol%) in 26.4 mL n-butanol until complete dissolution of the solids (ca. 15 min). Next, a solution containing CsOH•H 2 O (1.58 g, 9.42 mmol, 2.0 eq.) in 6.6 mL H 2 O was added. Subsequently, 5-formyl-2-thienylboronic acid (1.32 g, 8.48 mmol, 1.8 eq.) was added and the resulting mixture was stirred for 18 h at room temperature. After completion, H 2 O was added and the product was extracted with CHCl 3 , dried over MgSO 4 and concentrated under reduced pressure. Purification via column chromatography (silica gel, CHCl 3 ), followed by recrystallization from hot DCE furnished the title compound as a dark red microcrystalline powder (2.15 g, 4.29 mmol, 91%). 
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5-bromo-3,3''-dibutyl-5''-formyl-2,2':5',2''-terthiophene (7)
5-iodothiophene-2-carbaldehyde (8) [3]
Thiophene-2-carbaldehyde (2.24 g, 20 mmol, 1.0 eq.) was dissolved in 40 mL EtOH and heated to 50 °C. N-iodosuccinimide (4.95 g, 22 mmol, 1.1 eq.) and p-toluenesulfonic acid monohydrate (380 mg, 2 mmol, 10 mol%) were added and the resulting mixture was stirred at 50 °C in the dark for 10 min. After completion, 20 mL of 1 M aqueous HCl and 20 mL EtOAc were added. 
5-(trimethylstannyl)thiophene-2-carbaldehyde (9)
A reaction mixture containing compound 8 (472 mg, 2.0 mmol, 1.0 eq.), hexamethylditin (786 mg, 2.4 mmol, 1.2 eq.), and Pd(PPh 3 ) 4 (116 mg, 0.1 mmol, 5 mol%) in 10 mL of dry toluene was heated to 85 °C for 24 h. After completion, the solution was concentrated under reduced pressure at room temperature to remove the solvent and most of the by-product. The product was purified by sublimation (10 -3 mbar, 60°C), yielding the title compound as a white crystalline solid (264 mg, 0.96 mmol, 48%). 4H-thieno[3,4-c]pyrrole-4,6(5H)-dione (11) [4, 5] Thiophene-3,4-dicarboxylic acid (3.29 g, 19.1 mmol, 1.0 eq.) and 3 Å molecular sieve (~200 mg) were dispersed in 40 mL acetic anhydride and heated to 140 °C for 24 h. After cooling to room temperature, the solution was decanted and evaporated to dryness. The resulting light grey solid was dried under high vacuum and re-dissolved in 60 mL of dry toluene. Butylamine (2.01 g, 28.7 mmol, 1.5 eq.) was added, and the solution was heated to reflux for 24 h. All volatiles were removed under high vacuum, yielding a faint brownish powder. SOCl 2 (120 mL) was added and the mixture was heated to reflux (88°C) overnight. The SOCl 2 was distilled off at ambient pressure, leaving behind a dark crystalline solid. Purification via column chromatography (silica gel, DCM), followed by recrystallization from Et 2 O afforded the title compound as colorless platelets (3.06 g, 14.6 mmol, 77%). [6] Compound 11 (2.64 g, 12.6 mmol, 1.0 eq.) was dissolved in a mixture of conc. H 2 SO 4 (18.9 mL) and trifluoroacetic acid (63 mL) at 0 °C. N-bromosuccinimide (6.73 g, 37.8 mmol, 3.0 eq.) was added and the reaction mixture was allowed to slowly warm to room temperature. After stirring in the dark for 2 d, the solution was poured onto H 2 O, extracted with CHCl 3 , dried over MgSO 4 , and concentrated under reduced pressure. The product was purified by column chromatography (silica gel, toluene/DCM/heptane 3:1:1), yielding a slightly yellow solid (3.18 g, 8.65 mmol, 69%). 
5-butyl-
1,3-dibromo-5-butyl-4H-thieno[3,4-c]pyrrole-4,6(5H)-dione (12)
compound 13
A reaction mixture containing compound 12 (602 mg, 1.64 mmol, 1.0 eq.), compound 9 (451 mg, 1.64 mmol, 1.0 eq.), Pd(dba) 2 (47 mg, 0.082 mmol, 5 mol%), and tri(2-furyl)phosphine (47 mg, 0.20 mmol, 12 mol%) in 20 mL dry toluene was heated to 85 °C for 48 h. After completion, all volatiles were removed under high vacuum at 50 °C. Purification via column chromatography (silica gel, CHCl 3 ) yielded the title compound as a yellow solid (171 mg, 0.43 mmol, 26%).
A reaction mixture containing compound 13 (80 mg, 0.20 mmol, 1.0 eq.), compound 10 (86 mg, 0.24 mmol, 1.2 eq.), Pd(dba) 2 (12 mg, 0.020 mmol, 10 mol%), and tri(2-furyl)phosphine (12 mg, 0.050 mmol, 25 mol%) in 2 mL dry toluene was heated to 85 °C for 24 h. After completion, all volatiles were removed under high vacuum at 50 °C. Purification via column chromatography (silica gel, DCM), followed by recrystallization from DCE/Et 2 O afforded the title compound as an orange solid (89 mg, 0.174 mmol, 87%). 
4-bromothiophene-3-carbaldehyde (14)
A solution of 3,4-dibromothiophene (5.4 g, 22.3 mmol, 1.0 eq.) in 15 mL of dry Et 2 O was cooled to -78 °C and n-BuLi (2.0 M in cyclohexane, 22.3 mmol, 1.0 eq.) was slowly added. After stirring for 15 min, DMF (1.63 g, 22.3 mmol, 1.0 eq.) was added. The reaction mixture was stirred for 3 h at -78 °C and then allowed to slowly warm to room temperature. H 2 O was added to quench the reaction, and the solution was extracted with DCM, dried over Na 2 SO 4 , and evaporated to dryness. Purification via high vacuum distillation (10 -3 mbar, 65 °C) afforded the title compound as a faint yellowish, air-sensitive liquid (2.29 g, 12.0 mmol, 54%). S11 ethyl thieno[3,4-b]thiophene-2-carboxylate (15) [7] Ethyl mercaptoacetate (1.59 g, 13.2 mmol, 1.1 eq.) was added dropwise to a solution of compound 14 (2.29 g, 12.0 mmol, 1.0 eq.), K 2 CO 3 (2.49 g, 18.0 mmol, 1.5 eq.), and CuO nanopowder (< 50 nm particle size, 28 mg, 0.36 mmol, 3 mol%) in 24 mL DMSO at 60 °C. The reaction mixture was stirred overnight at 60 °C. After completion, H 2 O and brine were added, and the product was extracted with DCM. The combined organic phase was washed with brine, dried over Na 2 SO 4 , and concentrated under reduced pressure. Purification via column chromatography (silica gel, DCM/heptane 2:1) yielded the title compound as a slightly yellowish powder (1.50 g, 7.08 mmol, 59%). [8] Compound 15 (1.34 g, 6.31 mmol, 1.0 eq.) was dissolved in 45 mL DMF and stirred at 0 °C in the dark. A solution of Nbromosuccinimide (1.12 g, 6.31 mmol, 1.0 eq.) in 45 mL DMF was added over the course of 6 h via an addition funnel (approximately one drop every 10 s). Upon completion, the reaction mixture was allowed to warm up to room temperature over the course of 12 h. All volatiles were removed under reduced pressure. Purification via column chromatography (silica gel, CHCl 3 /cyclehexane 1:1) afforded a slightly pink solid (1.68 g, 5.78 mmol, 92%). The product was found to be a 80:20 mixture of the 6-bromo-and the 4-bromothieno[3,4-b]thiophene-2-carboxylate that could not be separated at this stage. 
compound 17
A reaction mixture containing compound 16 (730 mg, 2.5 mmol, 1.0 eq.), compound 9 (825 mg, 3.0 mmol, 1.2 eq.), Pd(dba) 2 (144 mg, 0.25 mmol, 10 mol%), and tri(2-furyl)phosphine (145 mg, 0.625 mmol, 25 mol%) in 25 mL dry toluene was heated to 85 °C for 20 h. After completion, all volatiles were removed under high vacuum at 50 °C. Purification via column chromatography (silica gel, DCM/cyclohexane 5:1) afforded the title compound as a yellow-green solid (470 mg, 1.46 mmol, 58%). The product was found to be a 90:10 mixture of the 6-thienyl and 4-thienyl isomers. S13
C. COF syntheses
All COF syntheses were performed under argon atmosphere in PTFE-sealed glass reaction tubes (6 mL volume). Solvents and acetic acid were obtained in high purity grade from commercial suppliers and were, unless shipped under argon, degassed and saturated with argon prior to use.
Py-a4T COF
1,3,6,8-tetrakis(4-aminophenyl)pyrene dioxane adduct (Py; 14.0 mg, 20 µmol, 1.0 eq.) and 3,3''-dibutyl-[2,2':5',5'':2'',2'''-quaterthiophene]-5,5'''-dicarbaldehyde (a4T; 20 mg, 40 µmol, 2.0 eq.) were filled into a reaction tube, followed by the addition of mesitylene (133 µL), BnOH (67 µL), and 6 M acetic acid (20 µL). The tube was sealed and the reaction mixture was heated at 120 °C for 4 d. After cooling to room temperature, the precipitate was collected by filtration and slowly dried in air for 24 h, yielding the Py-a4T COF as a dark red powder (19 mg, 64%).
Following the same synthesis protocol, but employing the s4T building block instead, did not lead to the formation of a crystalline network. Other solvent mixtures (mesitylene/dioxane, mesitylene/BnOH, DCB/dioxane, DCB/BnOH; ratios from 2:1 to 1:9) and concentrations were tested as well, but the resulting solids did not show any sign of long-range order. '''-dicarbaldehyde (a4T Me ; 17 mg, 40 µmol, 2.0 eq.) were filled into a reaction tube, followed by the addition of mesitylene (333 µL), BnOH (167 µL), and 6 M acetic acid (50 µL). The tube was sealed and the reaction mixture was heated at 120 °C for 4 d. After cooling to room temperature, the precipitate was collected by filtration, slowly dried in an argon atmosphere overnight, and extracted with supercritical CO 2 for 2h, yielding the Py-a4T Me COF as a dark red powder.
Py-a4T
Py-4T TPD COF
Py (7.0 mg, 10 µmol, 1.0 eq.) and the TPD-modified quaterthiophene (4T TPD ; 10.2 mg, 20 µmol, 2.0 eq.) were filled into a reaction tube, followed by the addition of mesitylene (167 µL), 1,4-dioxane (333 µL), and 6 M acetic acid (50 µL). The tube was sealed and the reaction mixture was heated at 120 °C for 4 d. After cooling to room temperature, the precipitate was collected by filtration and slowly dried in air, yielding the Py-4T TPD COF as an orange powder.
Py-4T TT COF
Py (14.0 mg, 20 µmol, 1.0 eq.) and TT-modified quaterthiophene (4T TT ; 20.6 mg, 40 µmol, 2.0 eq.) were filled into a reaction tube, followed by the addition of mesitylene (667 µL), BnOH (333 µL), and 6 M acetic acid (100 µL). The tube was sealed and the reaction mixture was heated at 120 °C for 4 d. After cooling to room temperature, the precipitate was collected by filtration and slowly dried in air for 24 h, yielding the Py-4T TT COF as a very dark purple powder (26 mg, 85%). 1 H and 13 C NMR spectra. Residual (undeuterated) solvent peaks are marked with asterisks. L. Nitrogen sorption of the Py-a4T Me COF Figure S16 . (a) Nitrogen sorption isotherms recorded at 77 K. Two adsorption-desorption cycles were recorded using the same sample to test the stability of the framework. (b) QSDFT calculation using the adsorption branch yields a narrow pore size distribution with a maximum at 3.1 nm, in excellent agreement with the pore diagonal of 3.06 nm in the Py-a4T Me COF structure.
The Py-a4T Me COF is porous with a BET surface close to 1000 m 2 g -1
, and the maximum of the pore size distribution agrees very well with the pore diagonal when taking into account the methyl groups.
Due to the length and inherent flexibility of the 4T based building blocks, the frameworks described in this study are quite fragile. Thus, the COFs bearing longer alkyl chains have a tendency to deform as a response to the adsorption of probe molecules during the nitrogen sorption experiments, leading to inconsistent isotherms. The shorter chains of the Py-a4T Me COF, however, seem to reduce the forces onto the COF walls during the sorption cycle and therefore this COF yields consistent and reproducible sorption results ( Figure S15 ).
